This study uses computer simulation to arrive at a specific answer to a critical problem area in a capital intensive manufacturing environment. A Casting Plant is being expanded due to growth in business. The logistics of the operation are such that an existing service facility, an overhead crane, will have added to its present workload, servicing an additional Casting Unit. The simulation is designed to simulate operations for one-month, using one-minute time units.
this question is crucial since certain types of crane delays generate a loss in casting capacity.
The simulation covers thirty-seven discrete types of tasks that the crane is required to do. These tasks are classified into three general types - 
Summary
A brief description of the manufacturing operation is given in APPENDIX C to aid in understanding the nature of the problem at hand.
PROBLEM DEFINITION
As a result of the business growth and predicted future growth, manufacturing capacity of given the various tasks, the study was used to develop occurrence frequencies for the tasks, based on history.
The results of the historical study were combined with manufacturing's best "operating feel"
to yield the best estimate of the system parameters involved in this simulation.
Specifically at this point, all crane tasks were identified and defined, frequency A unit change on a casting unit is an example of a fixed time occurrence. The time for this task to occur was assigned before the simulation and its occurrence was forced to concur with this assignment.
I t is worthy to note that the fixed occurrence tasks are in reality not fixed. They are referred to as fixed here, because they were dealt with in the actual simulation program as though they were fixed. These "fixed" occurrence times were preassigned by psuedo random generation. They were handled as " f i x e d " i n the model to assure logical execution sequences.
As mentioned briefly before, each of the sixteen crane tasks were sub-divided by breakpoints into sub-tasks. This was done to f a c i l i t a t e the most realistic application of job practices.
Since many of the crane tasks are relatively long in duration and consist of several distinct steps, i t was decided to allow the crane to be pre-empted at any breakpoint in a major task i f a higher priority task was waiting.
The pre-empted task or tasks would be completed as priorities and crane workload allowed. In this manner, the model operated the crane very much as i t was physically operated. Queue statistics on all task and task breakpoints were tabulated for analysis.
The model was designed to simulate a month's activity. The smallest time unit used in the model was one minute. All time statistics
were accumulative in terms of minutes.
An advantage capitalized on in this study was that i n i t i a l l y , the simulation model simulated an existing set-up. Given the vast knowledge the manufacturing personnel had gained by experience, i t was possible to calibrate or benchmark the accuracy of the model before adding the unknown element, the additional equipment. In this way, the manufacturing people gained additional confidence in the model, since they could see that i t was simulating the existing operation with a high degree of accuracy.
BENCHMARKI NG THE MODEL
This phase proved to contribute more than any, other to management's confidence in the simulation model and more importantly, the acceptance of i t s results.
Several simulation runs were made of the "before" situation. The results were tabulated for management review. Due to the structure of the model, i t was possible to determine many significant operating parameters that could be measured against reality or known past performance. For example, i t was possible to report production for the month, not only in total, but in some detail with respect to product mix. The fact that production generated by the model was t o t a l l y believable, when compared to actual history, Given the confidence gained in the model by "benchmarking" i t with r e a l i t y , the additional equipment was added to the model for evaluation.
Needless to say, the model was designed so that the additional equipment could be easily incorporated. The author's intention and approach from the beginning was to model the present situation, gain the confidence of management by demonstrating the model's accuracy, and insert new equipment and measure its effect. This approach was taken to maximize the probability of acceptance of the studies results. The method proved to be a good approach.
ADDITION OF PROPOSED EQUIPMENT TO MODEL
The equipment that was projected to be added to the casting operation was incorporated into the existing and accepted model of the present casting operation.
Simulation runs were made with the revised model. By comparing the "before" and "after" simulation run results, i t was possible to achieve the project objectives.
The confidence that had been gained in the model by this time really paid off throughout the remainder of the project.
The comparisons of before-and-after run results allowed predictions to be made on the c r i t i c a l characteristics of the crane operating system. Specifically, i t enabled the estimation of increased casting delay due to crane task interference increases. Replacing the mold carriage on D.C. Casting units.
CONCLUSIONS AND RESULTS

Conclusions
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Replacing the mold liners on D.C.
Casting units.
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Completely changing The crane has serviced the operation in a totally adequate manner to-date. Now, with plans to add casting equipment, the question arises as to whether the crane will be able to handle the subsequent increase in crane tasks. Simulator.
The programming problem most basic to the success of the project was, of course, representing the crane operating system in the most realistic manner possible. To achieve this goal, certain types of activities were fixed in time prior to the simulation run. This pre-assignment was done using a combination of randomness and logical pattern knowledge for events occurrences.
In the simulation program, these pre-assigned tasks were handled as follows: A function was set for each day to be simulated which contained code for the proper pre-assigned tasks to take place on that dayl These functions, in conjunction with the various generate statements, kept transactions coming at the crane in a logical pattern throughout the simulation.
Both tasks associated with pre-assigned events and random events contained breakpoints as explained in the body of this report. These breakpoints allowed the crane to be pre-empted within a job, if a higher priority task came 
